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Introduction
Prior to the introduction of a single currency within the European Union economists considered it a necessity that monetary decisions of the member states be synchronized. This gave way to a regulatory framework which ranges from the European Monetary System (EMS) of 1979 (limitation of exchange rate divergence) to the Maastricht Treaty of 1992. Among other convergence criteria the Maastricht Treaty defined explicit convergence goals for inflation rates.
Inflation rates were to stay within certain borders, interdependent of the development in the fellow member states. Since the beginning of the eighties until the introduction of the Euro, inflation rates declined within the Euro area. In recent years, however, a proliferating inflation divergence has been noticeable and it remains questionable if this divergence is only shortnatured or if inflation rates in the Euro area have been drifting apart systematically after the introduction of the Euro.
This question whether inflation gaps develop in a systematic manner arises against the background that temporary inflation differences within closed economies are considered as adaptations to differences in demand preferences as well as regional circumstances (Remsberger 2002 : 2). They have been documented for large economies such as the US-economy (see, for example, Engel/Rogers 1996 : 1113 -1120 . Within the European Monetary Union on the other hand, where member economies are rather a confederation than a federal state with governments that still have taxation and debt autonomy, and where convergence towards an economic union remains a political objective, the systematic price divergence should be avoided and hence closely monitored.
In this paper, the Johansen test is used to measure the actual degree of inflation convergence after the introduction of the Euro. The assumption of non-stationary inflation rates plays an important role in cointegration tests for the convergence of economic variables. Whether inflation rates are stationary or not is a controversially debated issue (see, for example, Culver/Papell 1997: 453; Lee/Wu 2001: 480) . Before applying the Johansen procedure in the Euro area, we pay special attention to the appropriate identification of non-stationary inflation rates. Six different unit root tests are applied to test the stationarity of the inflation rates.
The second part of this paper explains the econometric strategy and outlines the unit root tests as well as the Johansen test. Thereafter, five inflation rate time series are analysed by a 2 cointegration approach based on the results of the unit root tests. The last part of the paper sums up the findings.
Econometric strategy
Johansen test for cointegration
If the synchronization of two variables X 1t and X 2t (e.g. inflation rates in two countries) is measured by linear regression models, results can be spurred in case non-stationary endogenous and exogenous variables are used (see, for example, Granger/Newbold (1974: 117) . On the other hand, the fact that two time series are non-stationary does not always have to indicate spurred regression results. If the residuals of a regression are stationary two variables are said to be cointegrated. The concept of cointegration thus indicates that, while both variables have stochastic trends and short-run random divergences associated therewith, they develop in a coherent way in the long-run. The Johansen test (Johansen 1991 (Johansen : 1555 examines several non-stationary variables for cointegration. It enables an analysis of the convergence of k economic variables by starting with a vector error correction model of the form:
The vector error correction model can be interpreted as a vector autoregressive model in first differences whereas the penultimate addend "corrects" short run fluctuations of the variables and describes its long-run relationship (cointegration relationship). In order to determine the number 1 Formally, this condition can be expressed as follows. Two processes x 1t and x 2t are said to be cointegrated, if they obey to the conditions: 
In the course of Johansen's test procedure, deterministic components can be added to the vector error correction model in (2.4). Firstly, deterministic components can be added to the cointegration term (long-run relationships) secondly, they can be added to the remaining terms of the model (short-run relationships). Before applying the Johansen procedure, one has to determine how many lagged variables p should be taken into account. The Johansen test presupposes that the residuals of the vector ε t are independently distributed, which suggests a rather high value for p. On the other hand, the value of p determines the length of deviations from the long-run cointegration relationship, which would put forward a small value for p. Thus, in small samples the choice of p is a trade-off between distortions of the test results on the one hand and the statistic requirements on the other. In general, the robustness of the test results should be confirmed by a variation of the lag length p.
Unit root tests
Augmented Dickey-Fuller and Phillips-Perron tests
The 
where 2 ω denotes the autoregressive spectral density estimator at frequency zero, ) (a S the sum of the squared residuals of a quasi-differenced OLS-regression given the alternative hypothesis a . Here, the lag length in 2 ω is determined using the modified Akaike criterion, which accounts for the effects due to distortions in the autoregressive calculation of
In addition to the point optimal test, Elliott/Rothenberg/Stock (1996) compute a second statistic.
Given the alternative hypotheses a , deterministic components are estimated and subtracted which yields GLS-detrended data. As a second step, Elliott/Rothenberg/ Stock (1996) 
Here, the number of lags p is again determined by the minimum in the modified Akaike criterion.
The Ng-Perron (2001) procedure applies four test statistics. The first calculates the ERS point optimal statistics for GLS-detrended data: 
KPSS test
Finally, the KPSS test is used for confirmation analysis since it formulates stationarity as the null hypothesis. Under the null of stationarity Kwiatkowski et al. (1992: 162) regress the series t x under examination on a constant r 0 and compute the sum of the residuals t S :
The KPSS test statistic is then calculated as:
(2.14)
3 Measuring Inflation Convergence
Motivation and past results
Since the introduction of the European Monetary System (EMS) inflation in most of the European countries has gone down drastically as figure 1 illustrates. Empirical studies about the actual degree of inflation convergence in the EMS draw different conclusions. 
Empirical analysis -data and results
The initial sample consists of inflation rates from the eight Euro countries Belgium, France, Germany, Italy, Luxembourg, the Netherlands, Portugal, and Spain. As a starting point for the analysis we select January 1993, which lies after the ratification of the Maastricht Treaty in According to the Schwarz criterion the optimal number of lags for sample groups 1 and 2 was p = 1 (appendix 4). *, **, *** denote statistical significance at 10%-,5%-bzw. 1%. levels.
3) q = 6 (1993-1998 for KPSS and PP), q = 8, 9 (KPSS) and q = 10 (PP) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) are chosen as truncation lags. Hall (1991: 323) explains that the Johansen test statistics are very sensitive to the lag choice.
A parameterization with one lag seems little against the background of previous works. In order to test the robustness of our analysis we additionally estimate models with 4 and 6 lags.
The main findings in our analysis will prove to be independent of the lag choice. Furthermore, in order to map possible (weak) trends among the inflation rates, a constant is added to the cointegration relationship. (table 2) . This result corresponds to the existence of four common stochastic trends and can be interpreted as a low degree of convergence (Holmes 1998: 12) . As for the model specification with six lags, both the trace test and the maximum eigenvalue test reject the null level that the cointegration rank is h ≤ 1 at the 1% level. Thus we can only assume the existence of a maximum of two cointegrated relationships. At the critical level for 5% the trace statistic's test value without constant is additionally significant for a null that h ≤ 2, 
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Less convergence in inflation rates could be due to the fact that price indices in the five countries consist of different goods, which lets inflation rates in some countries react stronger to shifts in relative prices than in others (composition effects). Calculating inflation rates based on the Harmonized Consumer Price Index (HCPI) which is promoted by the European Central Bank could reduce such composition effects. Unfortunately, the HCPI is only available since 1997 from official sources, and the soonest date for which it can be recalculated is 1996. Against this background, a further investigation of inflation convergence based on the measure of the HCPI appears sensible. Furthermore desirable would be an investigation of inflation convergence for the period from 1999 until today. However, a time span of four years does not suffice for the description of any long-run relationship between economic variables.
Referring to the conclusions stated above, two circumstances could hint to a flawed interpretation of the test results. First, the Jarque-Bera test shows that the assumption of normally distributed residuals in the vector autoregressive models does not hold in every case Future examinations of inflation convergence in the European Union should take advantage of a broader data sample in the course of an integration of new member states. by defining the vectors as quasi-differenced variables as they follow:
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Appendix 4: Schwarz criterion for vector autoregressive models 1993 -2002 1993 -1998 Lag SIC 
